introduction
Although multifocal (MF) and multicentric (MC) breast tumors are a common entity, their clinical behavior is not well characterized. The incidence of MF and MC tumors in the literature ranges from 6% to 60%, with the large variability due to differences in definitions used, inclusion or exclusion of in situ disease, and method of pathologic sampling [1, 2] . As advances in preoperative imaging continue, the number of MF and MC tumors identified increases [3] [4] [5] , and better guidelines for their management are needed. The tumor size has long been recognized as an independent predictor for worse overall survival (OS) [6] . Intuitively, it would seem that the presence of more than one synchronous unilateral tumor would portend a worse prognosis when compared with unifocal (UF) counterparts. However, while studies have consistently shown a correlation between multifocality and multicentricity and the rate and extent of lymph node metastases [1, [7] [8] [9] [10] [11] [12] [13] [14] , the literature is divided on whether there is a corresponding impact on survival outcomes. In the absence of compelling evidence to dictate otherwise, the convention according to the current TNM-staging guidelines has been to stage and treat MF and MC patients according to the diameter of the largest lesions, without taking other foci of disease into consideration [15] . This assumes that the prognosis is dependent only on the largest lesion and the presence and the extent of lymph node involvement.
The purpose of this study was to evaluate the frequency of MF and MC disease in a large cohort of breast cancers and its correlation with other pathological characteristics and patient outcomes, including recurrence-free survival (RFS), breast cancer-specific survival (BCSS), and OS.
patients and methods

patient selection
Using the Breast Cancer Management System database of The University of Texas MD Anderson Cancer Center (MDACC), we retrospectively identified all patients diagnosed with invasive breast cancer between 1997 and 2010. We excluded patients with metastatic disease at diagnosis and those treated with neoadjuvant chemotherapy, leaving 6735 patients. We excluded an additional 2811 patients who did not have MF and MC information available.
According to the classification system used to maintain the database, MF was defined as two or more separate invasive tumors in the same quadrant of the breast. MC was defined as two or more separate invasive tumors occupying more than one quadrant of the same breast. If a patient had both MF and MC diseases, they were classified as MC. Patients who had MF or MC in situ disease only were not included in the analysis. Determinations were made based on the pathological review only; radiographic data were not considered. All pathology specimens were independently reviewed by dedicated breast pathologists at MDACC at the time of initial treatment. A total of 3924 patients were included in the analysis. Of these, 2982 (76%) patients had UF breast cancer and 942 (24%) patients had MF (n = 695) or MC (n = 247) breast cancer in their pathology specimens. The Institutional Review Board of The University of Texas, MDACC, approved the retrospective study.
statistical analysis
Patients were categorized as UF, MF, or MC. The MF and MC tumors were analyzed as separate entities and as a group. Patient and clinical characteristics including age, menopausal status, tumor size, nodal status, histology, nuclear grade, presence of lymphovascular invasion, and therapy received (surgery type and adjuvant chemotherapy, radiation therapy and endocrine therapy) were compared between groups using the χ 2 test. Fiveyear RFS, BCSS, and OS were calculated from the date of diagnosis to the date of local or distant recurrence, death attributable to breast cancer or death, or last follow-up, respectively. The Kaplan-Meier product limit method was used to estimate the survival outcomes of all patients, and groups were compared with the log-rank statistic. A subgroup analysis was performed by stage: node-negative (T1-2N0), early node-positive (T1-2N1), and locally advanced (T3 or N2-3). Cox proportional hazards models were fit to determine the association of MF, MC, and the combination of the MF Table S1 , available at Annals of Oncology online).
survival estimates
The median follow-up was 51 months (range 1-162 months). One hundred and ninety patients (4.8%) had recurrence: 137 (4.6%) in the UF group, 33 (4.7%) in the MF group, and 20 (8.1%) in the MC group (supplementary Table S2 , available at Annals of Oncology online). There was a statistically significant difference in the 5-year RFS between the UF (95%) and MC groups (90%), P = 0.02 ( Figure 1B ). There was no significant difference between the UF and MF groups (95%), P = 0.9 ( Figure 1A ). One hundred and three patients (2.6%) died from their breast cancer: 71 (2.4%) in the UF group, 19 (2.7%) in the MF group, and 13 (5.3%) in the MC group (supplementary Table S2 , available at Annals of Oncology online). There was a statistically significant difference in the 5-year BCSS between the UF (97%) and MC groups (95%), P = 0.01 ( Figure 2B ), but no difference between the UF and MF (98%) groups, P = 0.79) ( Figure 2A ). Two hundred and eighty patients (7.1%) died from any cause: 207 (7.07%) in the UF group, 47 (6.8%) in the MF group, and 26 (7.5%) in the MC group (supplementary Table S2 , available at Annals of Oncology online). When analyzed together or as separate entities, MF and MC tumors were not associated with a statistically significant difference in the 5-year OS (Figure 3 ), although there was a trend toward worse outcomes in the MC group (93% versus 92%, P = 0.08) ( Figure 3B ).
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To evaluate the impact of MF and MC on survival outcomes, a multivariate Cox regression analysis was applied. Risk factors that were significant on univariate analysis were evaluated. The results are shown in Table 1 . African-American race, larger tumor size, lymph node metastases, higher tumor grade, and lymphovascular invasion were associated with worse survival. Multifocality and multicentricity were not independent predictors of survival (RFS, BCSS, or OS).
Specifically, multicentricity, which had a significant worse outcome on univariate analysis, no longer had a significant impact on RFS (HR = 0.93; 95% CI: 0.56-1.55, P = 0.79) or BCSS (HR = 1.08; 95% CI: 0.57-2.05, P = 0.82) after controlling for other prognostic factors.
We also looked at the subgroup of patients with nodenegative (T1-2 N0) breast cancer to determine whether MF and MC had a stronger impact on this subset of very earlystage patients. There was no difference in the RFS, BCSS, or OS 
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between the UF and MF and MC tumors in any of the stage groups on either univariate or multivariate analyses (data not shown). Results were also similar when the analysis was limited to patients with ≥5 years of follow-up (data not shown).
discussion
One of the biggest obstacles in interpreting the current literature on MF and MC breast tumors is the lack of a standard definition. MF tumors are classically defined as two or more separate tumors in the same quadrant of the breast, with MC tumors occupying more than one quadrant and separated by normal breast tissue [16] . Alternatively, some studies use definitions based on the distance of uninvolved tissue between lesions [17] [18] [19] . In some series, focality is determined by histologic parameters, while others use only clinical and radiographic data. Most of the authors do not differentiate between MF and MC tumors, and those who do almost universally lump the groups together for analysis. In this study, we defined MF and MC as two or more separate tumors in one quadrant of the breast and the multiple quadrants of the breast, respectively, and evaluated the two groups as separate entities, as well as in combination. We did not include tumors that were MF or MC by virtue of in situ disease only. Similar to previous studies, we found a significant association between MF and MC tumors and the rate and the extent of axillary lymph node involvement [10, 12, [20] [21] [22] . Our study and others have noted the increased incidence of lymphovascular invasion as well [1, 13, 14] . While both MF and MC tumors were associated with these high-risk features, only MC tumors were associated with a worse RFS and BSSS, and this association was on univariate analysis only. This is consistent with the findings of other recent studies. Vlastos et al. [20] reviewed 60 patients with early-stage (T1-2, N0-1) MC breast cancer, using the same definitions that we used, and found no difference in locoregional recurrence, contralateral breast cancer, distant metastasis, or survival (10-year DFS 84% versus 83%). Pedersen et al. [10] analyzed 158 patients with more than one focus of tumor separated by normal breast tissue, and found worse OS for MF and MC tumors on univariate analysis. As in our study, after adjusting for other prognostic factors with multivariate analysis, MF and MC did not have an independent impact on survival. Cabioglu et al. [12] reviewed 147 patients with MF and MC disease defined as at least two foci of invasive cancer more than 5 mm apart, and found no difference in the 5-year DFS (82% versus 88%, P = 0.14) or OS (93% versus 92%, P = 0.43).
In contrast to our findings, Boyages et al. [23] reported on 94 patients with MF and MC breast cancer using the same definition that we did, although MF and MC tumors were grouped together. For patients with tumors larger than 2 cm, the 10-year survival was 54.7% for MF and MC when compared with 72.1% for UF (P = 0.008), an impact that persisted on multivariate analysis (RR 1.91, P = 0.012). Weissenbacher et al. [11] compared 288 patients with MF and MC tumors based on clinical and radiographic findings with a cohort of matched UF controls and found that these patients had statistically significantly worse RFS (HR 1.74) and BCSS (HR 1.57) on multivariate analysis. Finally, in 1154 patients with two or more invasive lesions anywhere in the same breast, Yerushalmi et al. [1] found a 3.4% decrease in BCSS, but not OS, at 10 years when compared with the UF group. These findings held up on multivariate analysis with a slightly increased relative risk of death from breast cancer of 1.174 which was statistically significant.
There are several explanations for the variability in findings. Boyages et al. found a difference in survival outcomes only in MF and MC tumors >2 cm, suggesting that there may be a difference in the behavior of macroscopically evident MF and original articles Annals of Oncology MC tumors and those only microscopically apparent. Similarly, all the patients in Weissenbacher et al.'s cohort had MF or MC disease that was large enough to be clinically and/or radiographically detected, again suggesting that only larger MF and MC tumors are clinically significant and affect survival. An alternative explanation is that the lower event rate for smaller tumors resulted in decreased statistical power. Yerushalmi et al. used similar definitions to our study and, in a very large cohort of patients (25 320), found a low incidence of MF and MC tumors (6.1%, in contrast to our 24%). They noted an increase in axillary lymph node involvement and lymphovascular invasion in MF and MC tumors, but in contrast to our study, they did not see an association with increased T stage or grade 3 disease. These differences in the patient population may explain why they detected a very small independent association between MF and MC breast cancer and BCSS.
Our study and many others have shown an association between MF and MC breast cancer and the increased incidence and burden of regional lymph node metastases. This association begs the question of whether the overall tumor burden of MF and MC tumors is simply underestimated with the current staging system, or whether MF and MC tumors have an inherently more aggressive biology that causes them to grow and metastasize at a faster rate. Andea et al. [7] and Coombs et al. [9] both found that when T stage was assigned by the diameter of the largest lesion, multifocality and multicentricity was an independent predictor of axillary lymph node involvement. However, re-assigning the T stage based on the combined diameter of all of the foci corrected this disparity and the rate of lymph node metastases between MF and MC and UF tumors became equal. These findings suggest that the increase in lymph node involvement (and any associated worse 
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outcomes) is not due to the inherent nature of MF and MC tumors but to the underestimation of the disease burden by the current staging system. In a later analysis, Andea et al. [8] argued that using the sum of the largest diameters actually overestimates the total tumor burden, and that better measures of a tumor's propensity to metastasize are total tumor volume and surface area, since the surface of the tumor is the region shedding cells for dissemination. When tumors were reclassified according to this model, MF and MC tumors still had an increased rate of lymph node involvement, suggesting that the difference was not due to understaging, but rather to fundamentally more aggressive tumor biology. Two studies have looked at the relationship between different methods of T staging and survival. Boyages et al. [23] found that for tumors larger than 2 cm, MF and MC cancers had a worse 10-year BCSS when compared with UF cancer, but the difference was eliminated by assigning a T stage to MF and MC tumors based on the aggregate diameter. In contrast, Rezo et al. [13] performed a multivariate analysis with three different measurements of T staging (single largest diameter, aggregate diameter, and aggregate volume), and found that using the single largest diameter was the best predictor of PFS and OS.
While evaluating other methods of T staging for MF and MC tumors may shed light on their biology, our study suggests that, at this time, there is no justification for changing our current staging system. In our study, MF and MC tumors were evaluated as separate entities as well as in combination. Patient characteristics between the two groups were similar, but the distinction did reveal a difference in the clinical behavior of MC tumors, with a statistically significantly shorter RFS and BCSS and a trend toward shorter OS when compared with both MF and UF tumors. While this association was no longer evident after controlling for other risk factors on multivariate analysis, it suggests that the underlying pathophysiology of MC tumors may be distinct. Future studies to look at the molecular profiles of separate tumor foci in the same breast may shed light on this issue, and also provide clinically relevant information to guide treatment decisions.
This study is retrospective in nature, and therefore subject to inherent biases. There was some variability in the treatments received by the two cohorts, especially in regard to their local therapy. The MF and MC patients were more likely to undergo mastectomy as opposed to breast-conserving therapy with adjuvant radiation. They were also more likely to receive adjuvant chemotherapy. This may explain why MF and MC had similar survival outcomes despite being associated with a number of more aggressive features; however, the use of adjuvant chemotherapy was included as a prognostic factor on multivariate analysis, and there was still no difference in RFS, BCSS, or OS. Another limitation of this study is the median follow-up of only 4.5 years. About 74.3% of the patients had HR-positive (and Her2/Neu normal) disease and, therefore, many recurrence events may occur after 5 years. An unplanned exploratory analysis of 1634 patients (MF = 302, MC = 106, UF = 1226) with ≥5 years of follow-up (median 88.6 months, range 60-162 months) yielded similar results, with a statistically significantly shorter RFS, BCSS, and OS for MC patients on univariate analysis but no difference in outcomes after the other risk factors were controlled for using multivariate analysis (data not shown). The optimal local therapy for MF and MC tumors is not well defined, and ongoing studies are evaluating the role of breast conserving surgery, sentinel lymph node biopsy, and adjuvant radiation therapy. A standardized method of classifying MF and MC breast cancers and more information about their molecular profiles would help guide their management.
In summary, we report that MF and MC breast cancers are associated with a number of more aggressive features, including an increased rate of regional lymph node metastases. However, when these factors are controlled for, they do not have a worse RFS, BCSS, or OS. This supports the current staging convention of using the diameter of the largest lesion only to assign T stage for MF and MC breast cancers. 
